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Introduction
Advanced non-small cell lung cancer (NSCLC) has a poor prognosis, with a 5-year survival rate <15% in spite of diagnostic and therapeutic tools; existing therapies have limited activity and considerable toxicity [1] [2] . Estimated ratio morbidity/incidence is 0.9 [3] . Therapeutic approach is chosen depending on several factors such as functional status and comorbidity. So far today, systemic therapy is the only treatment that has shown that improves survival and quality of life [4] .
The role of VEGF in stimulating tumor angiogenesis, maintaining existing vasculature and resistance to traditional therapies, with his negative prognostic significance in NSCLC, makes it an important therapeutic target in solid tumors [5] . Bevacizumab targets the vascular endothelial growth factor (VEGF) that has demonstrated improvement in clinical outcomes for multiple tumor types when combined with chemotherapy [5] [6] . In patients with advanced NSCLC bevacizumab treatment is associated to increase survival in the population when added to cytotoxic chemotherapy, which has led to its incorporation in neoadjuvant and adjuvant NSCLC clinical.
Pemetrexed has shown to have high response rates in NSCLC in Phase II and III trials, as monotherapy in the second line setting, combined with cisplatinum as first line treatment, and as a maintenance therapy. In combination with cisplatinum, pemetrexed has demonstrated an equivalent efficacy with a better safety profile when compared with cisplatinum-gemcitabine in patients with non-squamous NSCLC, with a more suitable posology [7] . Based on these results, this combination has been approved as first-line treatment of malignant pleural mesothelioma and non-squamous NSCLC patients [8] .
When chemotherapy is indicated, platinum doublet chemotherapy may be considered for "fit" non-squamous NSCLC patients, either alone or combined with bevacizumab. Platinum chemotherapy plus bevacizumab was approved by the Food and Drug Administration (FDA) for non-squamous NSCLC treatment as first-line therapy [8] . This decision was based in Sandler's clinical trial studying carboplatinum/paclitaxel with or without bevacizumab. The median overall survival (OS) for the combination carboplatin/paclitaxel and bevacizumab was 12.3 months as compared with 10.3 months in the chemotherapy-alone group (hazard ratio for death, 0.79; P = 0.003). Median progression-free survival (PFS) was also better in the bevacizumab arm (6.2 versus 4.5 months [9] .
Following these results, a phase IIclinical trial was published analyzing survival and safety of bevacizumab/carboplatin/paclitaxel treatment versus cisplatin/pemetrexed. PFS and OS were comparable between both arms, but the arm with bevacizumab showed a worse safety profile in terms of neuropathy (P = 0.06), deep vein thrombosis (P = 0.23), proteinuria (P = 0.23), and hypertension (P = 0.11) [10] .
Nevertheless, these two combinations obtained similar results in terms of survival, and may be considered as standard treatments for non-squamous NSCLC. Lack of predictive factors is still present despite treatment selection depending on them could probably be helpful to select those patients who are going to have benefit from a therapy.
The observed antitumor activities of bevacizumab with cisplatinum-pemetrexed, and their different mechanisms of action provide the rationale for evaluating the combination of these three agents in patients with advanced NSCLC in a single center, single-arm, open label, phase II study at the Cruces hospital in Spain.
On the other hand, RAS gene family (HRAS, NRAS and KRAS) is one of the most frequently oncogenes altered in human cancers [11] [12] . In NSCLC patients, the proteins encoded by these genes are assembled together, forming a protein structure with a GTP-ase activity, which participates in the signal transduction pathway of cell growth and differentiation [13] . Mutation in KRAS is seen in 15% to 25% of patients with NSCLC. Mutated p21 proteins constitutively activate and stimulate growth and differentiation autonomously. These mutations have been frequently observed in various tumor types, primarily in colorectal, pancreatic and lung, The improvement in molecular technology has led to development of various techniques for molecular diagnostics and as well as some targeted therapies [14] [15] . Unless there has been limited success in inhibiting the protein directly, phase 2 and phase 3 clinical trials have demonstrated success in inhibiting downstream effectors, specifically MEK1 and/or MEK2 with selumetinib and trametinib (albeit with poor tolerability). The prognostic and predictive value of KRAS mutations in NSCLC still needs to be demonstrated.
Patients and Methods

Patient Eligibility
Patients with previously untreated advanced non-squamous NSCLC were enrolled. Additional inclusion criteria included Eastern Cooperative Oncology Group (ECOG) performance status <2, age >18 years, expected life expectancy >3 months, adequate renal, hepatic, coagulation and hematologic function. Informed consent form was provided to all patients before any procedure was performed. Patients were not eligible if they had received any prior treatment for advanced disease, had a history of abdominal fistula or gastrointestinal perforation or esophageal varices, significant vascular, and/or bleeding disorders, hypertension or if they had evidence of other serious illness or condition, including cardiac disease, congestive heart failure, psychiatric disorder or active infection, or open bone fracture, if they had a grade 2 or higher neurotoxicity, or a recent acetylsalicylic acid treatment or oral anticoagulants. Patients were also excluded if they had had another cancer, except basal-cell carcinoma of the skin or in situ cervical cancer within the previous 5 years or if the patient was a pregnant or breastfeeding woman. Other exclusion criteria included major surgery or open biopsy within the previous 4 weeks, serious non-healing wound, ulcer or fracture or other experimental or antitumor therapy within the previous 30 days, brain metastases or any other uncontrolled brain pathology, invasion of central vessels known by imaging tests.
Treatment Plan and Dose Modifications
All patients included in this trial received an intravenous infusion of bevacizumab 7.5 mg/kg, pemetrexed 500 mg/m 2 and cisplatin 75 mg/m 2 sequentially on Day 1 of each 21-day cycle. Pemetrexed was administered over 10 minutes. Cisplatin was administered within 1 to 3 hours assuring the correct hyperhydration of the patient. Treatment was administered for up to six cycles. Those achieving response or stable disease received maintenance bevacizumab 7.5 mg/kg once every 3 weeks until disease progression, unacceptable toxicity or patient decision. Pemetrexed-treated patients received standard supplementation with folic acid orally (350 to 1000 mcg daily), vitamin B12 intramuscularly (1000 mcg once every three cycles), and dexamet has one prophylaxis orally (4 mg twice per day) as preventive medication throughout the study duration.
In case of grade ≤2 adverse events (AEs), symptomatic treatment was given with no modification of doses. If grade ≥3AEs occurred, pemetrexed and cisplatin were withheld until resolution to grade 1, and thereafter, doses were reduced.
In cases of hematologic toxicity, treatment with cisplatin and pemetrexed could be delayed for up to 2 weeks until the day 1 absolute neutrophil count (ANC) was ≥1.5 × 10 9 /L and platelet count was >100 × 10 9 /L. Pemetrexed doses could then be reduced to 75% or 50% of the previous dose, depending on the ANC and platelet nadirs. Cisplatin dose modifications were not allowed due to hematologic toxicity. In case of anaemia, patients were given the adequate support treatment. In cases of grade ≥3 nonhematological toxicities (except for alopecia and neurotoxicity), pemetrexed and cisplatin were withheld until resolution and then reduced to 75% or 50% (for grade 3 -4 mucositis) of the previous doses. Cisplatin or pemetrexed treatment was withheld if grade >1 neurotoxicity; persistence of grade >1 neurotoxicity for more than 2 weeks required the study discontinuation for the patient. Cisplatin was discontinued if grade >3 auditory loss. For liver toxicity, only modification of pemetrexed dose was allowed.
Efficacy Assessment
KRAS mutational status was determined at the beginning of the study. VEGF levels were assessed before 1st cycle and every 2 cycles until treatment end and at progression.
After baseline evaluation, patients were evaluated radiographically [Thoracic X-ray, computed tomography (CT) or CT plus Positron Emission Tomography (PET), PET (optional) or Magnetic Resonance Imaging (MRI)] every 2 cycles during induction and maintenancetreatment. Safety was evaluated at each cycle, and efficacy was assessed every other cycle.
Statistical Considerations
Based on Scagiotti's study [7] , PFS at 1 year was less than 10%for the cisplatin-pemetrexed group, corresponding to a PFS 4.8 months. To estimate the sample size, Fleming's single stage procedure for phase II studies was followed, which is based on a minimum efficacy percentage (π (0) ). Under this minimum value treatment would be considered as treatment failure. A unilateral contrast was estimated α = 0.05 and β error = 0.2. With these assumptions, having as minimum value π (0) = 0.08 and as an optimal value π (1) = 0.23, 28 evaluable patients were needed.
Survival analyses were done in the Intention-to-treat (ITT) and in the per-protocol (PP) population. Overall response rate (ORR) analysis was done in the ITT and in the evaluable population. ITT population comprised all patients included in the study. Population included the patients in the ITT population with no major protocol violations and who had received at least one dose of the study treatment. All patients with measurable disease who meteligibility criteria and received at least 2 cycles of combination treatment were evaluable for response (evaluable population). All enrolled patients who received the study drug were included in the safety analysis.
The primary endpoint was PFS. Based in the study of Scagliotti et al. (7) , PFS at one year was <10% for the cisplatin plus pemetrexed group, which corresponds to a median PFS of 4.8 months. According to Fleming's single stage procedure [10] a minimum foreseen 28 evaluable patients were required considering that the minimal percentage of efficacy is 0.08 and the optimal efficacy value is 0.23. This design provided an alpha error of α = 0.05 (one-sided) and a beta error of β = 0.2 (80% power).
Secondary endpoints included OS, ORR, and toxicity. In addition, KRAS mutations before treatment start and serum level of VEGF at baseline, every two cycles during treatment period and at progression were analyzed as secondary variables.
PFS was considered as the time interval from date of inclusion until the date of disease progression or death due to any cause (whichever occurs first). OS was measured from date of inclusion until death. PFS and OS were summarized by Kaplan-Meier curves.
Results
Patient Characteristics
From March 2009 to March 2012, 31 patients (out of the 37 patients screened) were enrolled into the study and constituted the ITT population. The median patient age was 59 years. Focusing on gender 67.7% were men and 32.3% were women. Most of the patients presented ECOG 1(83.9%). Thirty patients had adenocarcinoma and one patient had a large cell carcinoma. Disease was stage IV in all cases. The most common metastases location was lung (23.53%), followed by lymph nodes (22.35%) and bone (20%).
Patients' characteristics are summarised in Table 1 .
Treatment Exposure
All ITT population (31 patients) received at least one cycle of treatment with a median of 4 induction cycles per patient (Q1 = 2; Q3 = 6). Fifteen patients (48.4% of the safety population) received at least 6 cycles of maintenance therapy, and 3 patients (9.7%) received 12 or more cycles. Seventeen patients (54.84%) stopped receiving the study drug due to progression disease; 10 patients (32.36%) stopped receiving the study drug due to adverse event (4 patients died prematurely due to comorbidity).
Efficacy
Of the total 31 patients enrolled in this trial, only 24 were evaluable for efficacy (as they received ≥ 2 cycles of treatment) and did not present major protocol violations. KRAS was wild type in 58.06% patients, mutated in 22.58% and unknown in 19.35%. Nearly half of the patients in the ITT population (48.4%) had a partial response (none complete response was achieved), and 25.8% had stable disease; therefore, clinical benefit rate was 74.2%. Four patients (12.90%) developed progressive disease (PD) at first tumor assessment during treatment and 4 patients were non-evaluable. Median PFS was 7.2 months for the ITT population (CI 2.9 -8.1); median PFS for mutated KRAS patients was 4 months, whereas it was 7.9 months for KRAS wild type patients, reaching this difference the statistical significance (P = 0.0031). The Kaplan Meier plots of PFS are shown in Figure 1 .
Overall Survival (OS)
OS was a prespecified secondary endpoint. An analysis of the OS was performed based on 25 death events (80.65% of the ITT population) at the time of the data cut-off for the final PFS analysis. Median OS was 11.3 months for the ITT population (95% CI, 4.6 -17.8), 4 months for the KRAS mutated patients, and 16.1 months for those with KRAS wild type (P = 0.0032), with a Hazard Ration (HR) 4.318, showing that there is a higher death associated to the presence of mutation in KRAS gene.
In the global ITT population, 16.13% of all patients were alive at 1 year, and 6.45% at 18 months Focusing on KRAS mutational status, OS at 1 year was 22.22% for KRAS wild type versus 0% for KRAS mutated patients.
The Kaplan Meier plots of OS are shown in Figure 2. 
Toxicity
All 31 patients were included in the safety analysis as they received at least one cycle of treatment.Among 31 patients assessed for toxicity, all of them experienced at least 1 AE (most were Grade 1 or 2). Twenty four patients (77.42%) experienced at least a grade 3 -4 AE. The most common grade 3 -4 toxicity was asthenia. Three patients had a pulmonary embolism and three had a deep vein thrombosis. Grade 3 or 4 neutropenia occurred in 4 (12.9%) patients. Adverse events of interest with bevacizumab were primarily grade 1 or 2. Three patients (9.7%) had grade 3 hypertension and one patient (3.2%) had cardiac infarction.
Discussions
At present, treatment options for non-squamous NSCLC EGFR wild type patients (without any actionable or driver mutation) include a platinum doublet with or without bevacizumab. The goals in the management are improving quality of life and overall survival. Median OS with current treatment option is between 11 -15 months [8] .
Chemotherapy based on platinum doublets plus bevacizumab may be a good choice for fit patients [16] . This is supported by a meta-analysis published in 2011 in which five phase II and phase III randomized clinical trials evaluating the efficacy of the addition of bevacizmab to different chemotherapy regimens were included, most of them in first line treatment [12] . The administration of bevacizumab was associated to a significant increase in median OS (HR 0.89; 95% CI 0.79 to 0.99; P = 0.04), PFS (HR 0.73; 95% CI 0.66 to 0.82; P < 0.00001) and response rate (OR 2.34; 95% CI 1.89 to 2.89; P < 0.00001) with an 11% reduction in the risk of death. However, hypertension, febrile neutropenia and bleeding were more frequent in patients receiving bevacizumab, with a small, but statistically significant, increase in deaths with bevacizumab (OR 1.82, 95% CI 1.04 to 3.18; all trials).
These positive results of the addition of bevacizumab to a platinum doublet were corfirmed by the study or Crinò and colleagues [17] . This is a phase IV trial in which 2.012 stage III-B and IV untreated non-squamous NSCLC patients were treated with bevacizumab plus standard chemotherapy up to 6 cycles and, in case of no progressive disease, a maintenance period with bevacizumab monotherapy. The incidence of clinically significant (grade > or = 3) adverse events of special interest was generally low, being the most frequent thromboembolism in 172 (8%) patients, hypertension in 125 (6%), bleeding in 80 (4%), proteinuria in 67 (3%), and pulmonary haemorrhage in 15 (1%). 57 (3%) patients died because of these adverse events Authors conclude that the combination of bevacizumab with different chemotherapy schemes used as clinical standard practice was safe and well tolerated.
There are also results from a phase III trial designed to compare bevacizumab with or without pemetrexed as maintenance treatment after induction with the triplet combination. Showing statistically significant differences inedian PFS favoring the experimental arm (3.7 and 7.4 months for the bevacizumab alone and bevacizumab plus pemetrexed arms, respectively (HR 0.48; 95% CI, 0.35 to 0.66; P < 0.001) [18] . PFS after first induction treatment was improved from randomization, with medians of 6.6 months (95% CI, 6.0 to 7.8 months) in the bevacizumab arm and 10.2 months (95% CI, 9.1 to 11.7 months) in the bevacizumab plus pemetrexed arm. There was a more evident benefit in those patients achieving a PR after induction (3.9 v 8.6 months; HR, 0.42; 95% CI, 0.28 to 0.64; P < 0.001) and also in the patients that had achieved SD (3.3 v 6.8 months; HR, 0.63; 95% CI, 0.41 to 0.97; P = 0.036).
Our median OS has been shorter than that reported in other clinical trials with bevacizumab (included the study testing the combination with pemetrexed) but, focussing on the OS for KRAS wild type patients, this achieves a result or 16.1 months. Therefore, this would be a consistent data supporting to qualify this parameter as a predictive and prognostic factor before starting treatment for NSCLC. This benefit is also present for the PFS result, with a statistically significant difference between mutated and wild type populations.
The safety profile when bevacizumab is added to chemotherapy is to be considered. It increases the treatment-related mortality, as found in meta-analyses in different sort of solid tumors [19] [20] . The adverse events that were reported in our trial were consistent with those related to all three agents, administered in conjunction, but the rate of serious adverse events was higher than expected: pulmonary embolism in 9.7% of patients, deep vein thrombosis in 9.7% of patients, cardiac infarction in 3.2% of patients and grade III or IV neutropenia in 12.9%. This should be specially taken into account in a disease as this with a very poor prognosis. In addition, 77.42% of patients experienced at least grade 3 -4 adverse events (AEs).
Conclusions
In this phase II clinical trial conducted in untreated stage IV non-squamous NSCLC patients, the addition of bevacizumab to a combination treatment of cisplatin and pemetrexed resulted in PFS of 7.2 months and OS of 11.3 months, being PFS better than the reported in previous trials in this target population.
A statistically significant increase in both PFS and OS is seen in KRAS wild type patients as compared with KRAS mutated patients, indicating that KRAS could become a predictive and prognostic marker. However, the analyzed sample was too small to draft definitive conclusions.
